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With the spread of avian influenza, use of automated
data streams to rapidly detect and track human influenza
cases has increased. We performed correlation analyses to
determine whether International Classification of Diseases,
Ninth Revision (ICD-9), groupings used to detect influenza-
like illness (ILI) within an automated syndromic system cor-
relate with respiratory virus laboratory test results in the
same population (r = 0.71 or 0.86, depending on group).
We used temporal and signal-to-noise analysis to identify 2
subsets of ICD-9 codes that most accurately represent ILI
trends, compared nationwide sentinel ILI surveillance data
from the Centers for Disease Control and Prevention with
the automated data (r = 0.97), and found the most sensitive
set of ICD-9 codes for respiratory illness surveillance. Our
results demonstrate a method for selecting the best group
of ICD-9 codes to assist system developers and health offi-
cials who are interpreting similar data for daily public health
activities.
I
nevitable annual cycles of influenza and other respirato-
ry pathogens pose a significant threat to work and pro-
ductivity (1–3). Epidemics can have dramatic economic
and medical ramifications, such as the influenza pandemic
of 1918 (4,5). During the last few years we have witnessed
the emergence of severe acute respiratory syndrome
(SARS) and new pathogenic avian influenza strains. These
events have brought respiratory illnesses to the attention of
the general public; most recently, the highly publicized
potential for pandemic influenza due to recombinant
influenza strains has generated tremendous public anxiety.
Moreover, lingering fears about influenzalike illness (ILI)
symptoms related to bioterrorism have further accentuated
the need for improved early detection of respiratory dis-
ease outbreaks.
This atmosphere of concern motivated an intense
effort to develop new surveillance methods (6). Public
health officials are now augmenting traditional disease sur-
veillance, e.g., laboratory-based methods, with nontradi-
tional analysis of electronic medical records for more
timely monitoring of infectious disease patterns. The
Centers for Disease Control and Prevention (CDC), along
with many health departments, universities, and govern-
ment organizations, has participated in research and devel-
opment of syndromic surveillance systems. Some of these
systems have been designed for local surveillance in a sin-
gle metropolitan area, while others cover broad geograph-
ic areas, including multiple jurisdictions (7,8).
Since 2001, the Department of Defense (DOD) has
been using the Electronic Surveillance System for the
Early Notification of Community-based Epidemics
(ESSENCE) for syndromic surveillance of active duty mil-
itary and their beneficiaries (9,10). This system captures
patient ambulatory data coded according to the
International Classification of Diseases, Ninth Revision
(ICD-9), from all permanent military treatment facilities
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Base, Texas, USA(MTFs) that treat active duty personnel, retirees, and their
family members worldwide. It provides a large amount of
data for surveillance, with >300,000 average weekly out-
patient visits to primary care and emergency facilities for
any reason. The system automatically performs daily
analysis of visits classified in each of 8 syndrome groups,
such as respiratory, gastrointestinal, and febrile illnesses.
Military basic training sites have historically experi-
enced frequent respiratory epidemics among troops in
crowded housing (11–14), and active surveillance for ILI
is conducted year-round. To improve early detection of
such epidemics and in response to pandemic and bioterror-
ism concerns, an automated ILI surveillance report was
also incorporated into ESSENCE in 2002 (9).
Critics of syndromic surveillance have voiced appre-
hension about the use of nontraditional data and the abili-
ty of these systems to detect outbreaks (15–17).
Skepticism about ICD-9 data in particular revolves around
whether data coded at the time of visit accurately reflects
true illness, given the potential for coding of nonspecific
symptoms and unconfirmed diagnoses and for provider or
coder variations in code selection (18). We sought to eval-
uate the effectiveness of using ESSENCE as an early
detection system for ILI and to determine the most parsi-
monious set of ICD-9 codes to use for ILI surveillance. We
compared the ICD-9–based ILI data in ESSENCE to data
from the laboratory-based DOD Global Influenza
Surveillance Program and the sentinel reports from CDC’s
US Influenza Sentinel Providers Surveillance Network.
We compared diagnostic codes from ESSENCE both indi-
vidually and as a group to the volume of positive respira-
tory specimens and weekly sentinel reports. Through
trend, correlation, and signal-to-noise analysis, we identi-
fied a subset of diagnostic codes that best corresponds with
influenza patterns.
Methods
ESSENCE Data Collection
ESSENCE captures outpatient visit data recorded as
ICD-9 codes at or shortly after the patient encounter (10).
A central, secure-link electronic database allows for daily
submission of data, although reporting time from the
MTFs averages from 1 to 4 days. Data entry practices vary
by location, but each MTF is set up to batch-send data to
the central database on a daily basis; in most locations,
80% of all ICD-9 codes are received within 4 days. The
ESSENCE server collects de-identified data from the cen-
tral database every 8 hours; at each time of collection,
ESSENCE is refreshed with newly submitted data from
MTFs. With each cycle, data are grouped by ICD-9 codes,
recounted, and republished into syndromes, including ILI.
Most syndromes are published as daily counts, but the ILI
syndrome is grouped as weekly data. The published data
for the ILI syndrome is also updated and republished every
8 hours, but the initial publication of the weekly data does
not occur until a full week (running Sunday to Saturday) is
completed.
We created our original ILI syndrome group by
reviewing the ICD-9 code and listing and choosing those
that could represent potential ILI cases. According to this
classification, visits are counted as ILI if their diagnostic
code is either fever, an included acute respiratory code, or
unspecified viral illness. The 29 codes in the original ILI
group are listed in Table 1. Each week ESSENCE calcu-
lates the percentage of visits for ILI among the total num-
ber of outpatient primary care and emergency department
visits.
Direct Comparison of Respiratory Specimens 
Matched to Outpatient Visits
The DOD Influenza Surveillance program, located at
the Air Force Institute for Operational Health at Brooks Air
Force City-Base, Texas, collects specimens and screens for
a variety of viral respiratory pathogens, including influen-
za A and B, respiratory syncytial virus, adenovirus, and
herpes simplex virus (19,20). All MTFs are encouraged to
submit specimens on a year-round basis, but sentinel sites
are specifically directed to submit 6–10 specimens per
week during the official influenza season, week 40 in the
first year through week 20 in the second year (generally
October through early May). The program guidelines state
that specimens should only be obtained from patients
meeting a clinical case definition of ILI, which at the time
of this study was a fever >100.5°F (38°C) and either a
cough or sore throat (20).
We matched individual specimens with outpatient clin-
ic visits that occurred within a 5-day range around the date
of specimen collection by using a unique patient code that
links the records but does not identify the patient. This
analysis included encounters for active duty personnel,
dependents, and retirees during the 2-year period of June
2002 to June 2004, but was limited to visits to US Air Force
MTFs because we had the ability to link laboratory and out-
patient encounter records at these locations. Specimens
were first matched to a visit that occurred on the same day
that the specimen was collected; those specimens that
matched were excluded from subsequent match attempts.
Remaining specimens were then sequentially matched to
visits 1 day earlier, 1 day later, 2 days earlier, and 2 days
later than the date listed as date collected. Upon each itera-
tion of this process, specimens were excluded from the
remaining potential match pool if successfully matched to a
visit. The purpose of this window approach is to obtain as
many matches as possible and allow for some discrepancy
between the visit date and the date of collection.
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a single ICD-9 code per individual specimen. Some speci-
mens had more than 1 encounter on the day matched, so
we used the following algorithm for selection of the ICD-
9 code: if 1 of the ICD-9 codes present was from the ILI
syndrome list, it was selected. In cases in which patients
had multiple ILI diagnoses, the more specific (for influen-
za first and other diseases second) or severe code was
used, e.g., if both pneumonia and throat pain were includ-
ed, pneumonia was selected; if pneumonia and influenza
with pneumonia were included, influenza with pneumonia
was selected (Table 1). If no ILI codes were used for the
visit, the code closest to an infectious respiratory diagnosis
was used; we gave priority to infectious disease or respira-
tory codes first, to general symptoms second, to other diag-
noses third, and “V codes” (supplementary classification
of factors influencing health status and contact with health
services) last. We then measured the frequency of positive
viral specimens by ICD-9 code.
Trend Analysis of Unmatched Syndromic 
ICD-9 Codes and DOD Influenza Specimens
Asecond analysis compared DOD-wide positive spec-
imens from the DOD Global Influenza Surveillance
Program to ICD-9 data without matching from October
2000 through December 2004. We extended the date range
for this analysis because more data were available for the
DOD-wide population. We compared the trend of the
DOD-wide specimens to the trends of each individual
ICD-9 code in the ILI set, as well as additional codes fre-
quently used in association with the collection of viral
specimens in the matched Air Force analysis. We selected
individual codes that had trends similar to that of the spec-
imens and evaluated trends for groupings of 3–10 ICD-9
codes. We then measured the association between individ-
ual and grouped ILI codes with the positive viral speci-
mens through both standard and lagged correlation
analysis. We calculated lagged correlation coefficients by
shifting the ICD-9 data by three 1-week increments both
forward and backward, while holding the positive speci-
mens constant.
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ual codes. First, we defined the influenza season as weeks
in which the weekly count of positive specimens was
greater than the mean of positive specimens for the study
period. We then calculated means and standard deviations
of the daily counts for each ICD-9 code. We defined signal
as the mean during the influenza season minus the mean
during the noninfluenza period and noise as the standard
error during the noninfluenza period. The ratio of signal-
to-noise evaluated whether individual codes would pro-
vide a good signal during the influenza season.
We used 4 separate criteria to select the best perform-
ing ICD-9 codes: individual code trend; high correlation
coefficient (>0.6 preferable); high signal-to-noise ratio
(≥1.5 preferable); and a substantial percentage of positive
specimens for either all pathogens (>35%) or influenza
virus (>20%). Codes fitting these specifications were
retained for further analysis. Because the signal from
codes used less often might be lost when combined with
more frequently used codes, we created 2 new groupings,
1 with high-volume codes (ILI-large) and 1 with low-vol-
ume codes (ILI-small). We defined high-volume codes as
being used >50× per day on average or >75,000× during
the 4-year study period.
Assessment of Daily Algorithm Performance 
on ICD-9 Data
We performed another analysis to assess the utility of
running daily statistical algorithms on the ESSENCE ILI
group, in a way similar to algorithms run on the other 8
syndrome groups. ILI is currently reported as a weekly
percentage of visits without statistical alerts. Outbreak
detection in ESSENCE is based on a mixed time-series
model that combines regression and exponentially weight-
ed moving average (EWMA) algorithms (10,21,22). The
number of patient visits is related not only to the previous
day’s count but also to specific day of the week. The model
treats holidays and weekends differently from the days fol-
lowing them. It reduces, or smoothes, artificial peaks in the
data, which result not from true epidemics but from surges
in patient visits after clinic closures, so that these peaks do
not cause frequent false alarms. Likewise, the model
accounts for fewer persons seeking care on weekends or
during holidays, so these fluctuations do not affect the pre-
dictions. For this analysis, we ran the mixed EWMA and
regression model on daily counts of the original ESSENCE
ILI group, as well as on counts of the new ILI-large and
ILI-small groups.
Weekly ILI Trend Comparison between 
CDC Sentinel Surveillance and DOD ICD-9 Data
From October through May, providers within the US
Influenza Sentinel Providers Surveillance Network submit
weekly reports to CDC of the total number of patients seen
and the number of those patients with ILI (23). CDC cal-
culates and reports weekly percentages by region. In this
system, ILI is defined as a “fever (temperature of >100°F
(37.8°C) plus either a cough or a sore throat, in the absence
a known cause other than influenza.” To confirm the
results we found in our comparison of DOD surveillance
systems, we analyzed the trends and correlation between
weekly DOD-wide ESSENCE ILI groupings and nation-
wide CDC data during 3 influenza seasons: 2001–02,
2002–03, and 2003–04.
Statistical Analysis
We used Stata version 8.0 (Stata Corporation, College
Station, TX, USA) and SAS versions 8.2 and 9 (SAS
Institute, Cary, NC, USA) for the direct comparison of
specimen data and patient visits and SAS versions 8.2 and
9 for statistical modeling and analysis. The ESSENCE-
mixed EWMA and regression models were designed by
using SAS macros. This research protocol was approved
by the Institutional Review Board at the Walter Reed Army
Institute of Research.
Results
During the study period, 7,389 Air Force specimens
were taken for the matched analysis. We found an ICD-
9–coded visit within the 5-day window surrounding the
sample collection date for 6,236 (84.4%), with most of
those specimens matching on the exact day (5,267,
84.5%). Of the 6,236 specimens with a match, 339 patients
(5.4%) had >1 visit recorded: 321 had 2 visits, 12 had 3
visits, and 1 patient had 4 visits for the same day. Tables 2
and 3 show a breakdown of how the match worked, includ-
ing multiple visits and multiple ICD-9 codes per visit. We
gave preference to the highest order diagnosis for 68
patients who had multiple ILI diagnoses. For the 96
patients who had multiple visits without an ILI code, we
selected the closest diagnosis to an infectious disease or
one depicting respiratory symptoms.
Table 4 shows the number of specimens associated
with each ICD-9 code, as well as the percentage of those
specimens that tested positive for any viral respiratory
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ILI codes to either be infrequently used with a viral speci-
men or to have a low percentage of positive specimens.
Four codes not in the original ILI group (otitis media,
acute suppurative otitis media, acute sinusitis, and acute
tonsillitis) were frequently used with the collection of viral
specimens.
For the unmatched DOD-wide analysis, we found
15,914 samples taken during the study period, of which
6,340 (39.8%) were positive for any viral respiratory
pathogen, and 2,210 (13.9%) were positive for influenza A
or B. Temporal analysis showed that as a group, the origi-
nal ILI syndrome follows the same seasonal pattern as that
for positive specimens. Individual ICD-9 code trends for
influenza, fever, unspecified viral infection, otitis media,
and upper respiratory infection (multiple sites) correlated
well with those of the positive specimens (Table 5). Codes
that did not correlate with positive specimen trends includ-
ed acute tonsillitis and throat pain.
Many individual codes that correlated well with the
positive specimens also tended to have high signal-to-
noise ratios (Table 5). Moreover, the percentage of positive
ICD-9 Code-based Surveillance
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ed to be high (Table 4). Based on the results of these 3 tests
and their individual trends, we selected 14 ICD-9 codes for
ILI surveillance. We used the frequency of individual code
use during the 4-year analysis period to group 10 of the 14
codes into the ILI-large group and the other 4 into the ILI-
small group, as indicated in Table 5.
Lagged correlation analysis found that the codes of
both subsets tend to peak at the same time as the number
of positive specimens (Figure 1). However, the ILI-Small
group codes, while still peaking centrally, tended to have
curves slightly skewed to the right in the lagged correlation
plot, indicating that they may be more likely to follow,
rather than predict, the increases in ILI visits.
After establishing the new small and large ILI groups,
we found that the weekly temporal trends closely follow
those of positive respiratory specimens (Figure 2).
Correlation coefficients of the weekly data were 0.72
(p<0.0001), 0.71 (p<0.0001), and 0.86 (p<0.0001) for the
original, ILI-large, and ILI-small groups, respectively.
We ran the EWMA/regressive model on 4 years of
daily DOD outpatient data in each of the 3 comparison
groups (Figure 3). Multiple seasonal outbreaks of respira-
tory illness were identified with alerts for all groupings.
The daily algorithm triggered alerts much more frequently
on the ILI-small group than on the large group; the algo-
rithm for the small grouping tended to be more responsive
to smaller fluctuations in the data.
Direct comparison of the nationwide US Influenza
Sentinel Providers Surveillance Network with the
ESSENCE ILI groupings showed very similar trends dur-
ing each of the previous 3 seasons (Figure 4). Further
analysis showed that CDC data were very strongly corre-
lated with data from the ILI-small group; with correlation
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(p<0.0001) for the 2001–02, 2002–03, and 2003–04 sea-
sons, respectively. Correlation coefficients for the ILI-
large group were also very strong, although not quite as
high: 0.88 (p<0.0001), 0.77 (p<0.0001), and 0.93
(p<0.0001), respectively.
Discussion
In our experience with ESSENCE, the ILI surveil-
lance report has been one of the most useful components.
Military public health officials, and now some civilian
health departments, use ESSENCE to monitor the ILI
grouping for early signs of the influenza season and other
common febrile respiratory outbreaks. In a similar manner,
CDC now monitors ILI by using the same DOD data with-
in the BioSense system. This study shows that the DOD
outpatient ICD-9 data are indeed useful and accurate for
routine influenza surveillance.
Critical analysis of the ICD-9 codes within the
ESSENCE ILI group showed that approximately half of
the codes were associated with specimens positive for res-
piratory pathogens, including influenza. Temporal trends
confirmed that most codes followed the same trends over
time as positive specimens. Codes with low correlation to
ICD-9 Code-based Surveillance
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Figure 1. Lagged correlation analysis between individual codes
from the International Classification of Diseases, Ninth Revision
(ICD-9), and unmatched positive respiratory specimens from
October 2000 to December 2004. Each of the individual ICD-9
codes that had high signal-to-noise ratio and high correlation when
compared with positive influenza laboratory specimens taken dur-
ing the same time frame (Table 5) were compiled into new large
and small influenzalike illness (ILI) groups (large codes were used
>50×/day on average) and compared again to the positive speci-
mens through lagged analysis. The ICD-9 data were shifted by
three 1-week increments both forward and backward, while hold-
ing the positive specimens constant. A) Lag time correlation coef-
ficients for ICD-9 codes in the new large count ILI group. B) Lag
time correlation coefficients for ICD-9 codes in the new small count
ILI group. NEC, not elsewhere classified; NOS, not otherwise
specified.
Figure 2. Weekly trends among unmatched visits coded by
International Classification of Diseases, Ninth Revision (ICD-9),
and specimens positive for any viral respiratory pathogen from
October 2000 to December 2004. Based on correlation to positive
specimens and signal-to-noise ratios, new large and small influen-
zalike illness (ILI) categories were created. The number of positive
specimens is depicted on the left y-axis and compared to the num-
ber of visits for the original, new large and new small ILI ICD-9 cat-
egories, as shown in the right y-axis. A) Original ILI and new
ILI-large groups with positive specimens. B) New ILI-small group
with positive specimens. MTFs, military treatment facilities.positive specimens and different temporal trends have
been removed from the group to produce more parsimo-
nious groups. The less-specific ILI-large group may be
more useful for the initial detection of influenza season
and for detecting other respiratory illnesses that initially
cause similar symptoms, whereas the ILI-small group is
more specific but also more likely to signal slightly later
than the large group because providers may use these
codes cautiously until influenza cases have been con-
firmed. However, both groupings have been shown to be
useful indictors of an impending influenza season.
ESSENCE should produce reports of ILI activity
faster than both the laboratory-based DOD Global
Influenza Surveillance Program and the CDC sentinel ILI
system because it is able to collect and analyze data more
rapidly than specimens and provider reports can be
processed. The weekly data are reported in ESSENCE
immediately on completion of a full week, whereas the
DOD laboratory data have an inherent lag time because of
the time required for specimen shipping, laboratory test-
ing, analysis, and reporting. The CDC sentinel reporting
system similarly lags behind because of the passive nature
of data collection and additional time required to compile
and post results. The automated data collection also allows
for the potential to analyze data more frequently than the
current weekly standard. Our analysis successfully identi-
fied seasonal outbreaks by using a combination algorithm
on daily data, based on aggregated data for a given day.
The algorithm runs every 8 hours (more or less frequently
depending on administrator settings) and recalculates on
the basis of newly received data. Daily detection algo-
rithms can be instituted on the large and small groups
simultaneously to best detect ILI outbreaks.
The results of this study support previous findings on
the ability of automated systems to capture the same trends
as traditional surveillance. The Minnesota Department of
Health found that an ILI grouping of ICD-9 data from a
health maintenance organization in the Minneapolis–St.
Paul area correlated with reported deaths from pneumonia
and influenza (24). Ambulatory ICD-9 codes were also suc-
cessfully used for surveillance of respiratory illnesses in
Massachusetts and were highly correlated with hospital
admissions that had a lower proportion of discharged
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Figure 3. Newly created groups of International Classification of
Diseases, Ninth Revision (ICD-9), codes for influenzalike illness
(ILI) based on correlation to positive specimens and signal-to-
noise ratios were run with anomaly detection algorithms. Two
groups, large and small, were created with ICD-9 codes that had
an average use of >50× per day in the large group with the remain-
der in the small group. Daily counts of the codes in the large and
small syndromic groups were plotted from October 2000 to
December 2004. An algorithm based on a mixed time series model
that combines regression and exponentially weighted moving
average (EWMA) is used to detect potential outbreaks and takes
into account weekends and holidays. Yellow alerts occur when the
daily value exceeds that expected with a 95% confidence interval,
and red alerts occur when the amount exceeds the expected with
a 99% confidence interval. A) Large syndrome group. B) Small
syndrome group. CI, confidence interval.
Figure 4. Percentage of visits for influenzalike illness (ILI) using
both the large and small syndrome groups among military outpa-
tient visits nationwide compared with Centers for Disease Control
and Prevention (CDC) sentinel clinician reports from October 2000
through December 2004. Data are grouped weekly from Sunday
through Saturday. CDC data are only obtained during the influen-
za season. ESSENCE, Electronic Surveillance System for the
Early Notification of Community-based Epidemics.patients with a diagnosis of respiratory illness (25). Our
study also supports evidence that using nontraditional elec-
tronic data for syndromic surveillance may enable health
providers to recognize and detect the influenza season
faster than with traditional means. In a similar study of non-
traditional data, the New York City Department of Health
and Mental Hygiene reported that their syndromic system,
based on chief complaints at emergency departments,
detected the first citywide signs of influenza activity soon-
er than laboratory- and sentinel-based surveillance (26).
We have established that ICD-9–based surveillance
that uses the ILI-large and ILI-small groups is an effective
tool for influenza surveillance. We suggest that health
agencies use these syndrome groups as a model for devel-
oping similar systems. However, we strongly emphasize
that developers perform critical analysis of the individual
codes collected in their data and carefully consider not
only the clinical basis for code inclusion but also which
diagnoses are more likely to cause background “noise”
rather than contribute to the signal. Our own evaluation
illustrates the importance of such critical review, as we
found that both throat pain and acute tonsillitis had more
noise than signal. Asthma and chest pain are included in
other syndromic systems (24); however, in the DOD data,
these tend to occur year-round with fairly high volume and
contribute more noise than signal in the DOD ambulatory
data. Studies of systems that use such broad categories for
ILI surveillance have yielded lower correlation of ICD-9
data with mortality and laboratory-based data (24). Data
sources differ dramatically in population coverage, quality
and accuracy, and most important, in their ability to reflect
true disease patterns. Our method for defining and assess-
ing syndrome groupings for ICD-9–based surveillance
should assist developers in parsing, analyzing, and inter-
preting their own data.
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